The Veterans Affairs Diabetes Trial previously showed that intensive glucose lowering, as compared with standard therapy, did not significantly reduce the rate of major cardiovascular events among 1791 military veterans (median follow-up, 5.6 years). We report the extended follow-up of the study participants.
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T h e ne w e ngl a nd jou r na l o f m e dicine P atients with type 2 diabetes have a greatly increased risk of cardiovascular events. 1 Although end-stage microvascular events (such as end-stage renal disease and blindness) represent important complications of diabetes, the morbidity and mortality related to cardiovascular events are an order of magnitude greater than that related to microvascular events. 2 Therefore, whether improved glucose control reduces the rate of cardiovascular events is an important clinical question.
Most observational studies have shown an association between glucose control and cardiovascular disease. [3] [4] [5] [6] Among the four large, randomized, controlled trials of improved glucose control in patients with type 2 diabetes -the United Kingdom Prospective Diabetes Study (UKPDS), the Veteran Affairs Diabetes Trial (VADT), the Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial, and the Action to Control Cardiovascular Risk in Diabetes (AC-CORD) trial [7] [8] [9] [10] [11] [12] -the most evidence for a reduction in the rate of cardiovascular events with intensive glucose control came from the UKPDS. The fact that the UKPDS had a more extended follow-up than the other trials could potentially explain its positive results. Alternatively, the more favorable outcomes in the UKPDS could be related to interventions in a younger, healthier group of patients with newly diagnosed type 2 diabetes or could be related to the fact that the UKPDS used a less intensive glucose treatment protocol than that used in the other trials.
The ACCORD trial also recently showed a significant reduction in the rate of nonfatal cardiovascular events in a follow-up of its study population, 13 but that benefit was offset by an increase in mortality in the original trial. 12 In contrast, no reduction in the rate of cardiovascular events or in mortality was found in a followup of the ADVANCE trial.
14 Consequently, one of the most important questions facing clinicians who care for patients with type 2 diabetes remains unanswered -what benefits and risks are conferred by tight glucose control in patients with diabetes who receive modern combination glycemic therapy?
We report cardiovascular outcomes after an extended follow-up period of the VADT, 10 a multisite, randomized, controlled trial of intensive versus standard glucose control in U.S. military veterans with type 2 diabetes, in which patients were followed for up to 7.5 years (median, 5.6 years). At the end of the VADT, the primary outcome of major cardiovascular events was nonsignificantly lower in the intensive-therapy group than in the standard-therapy group (hazard ratio, 0.88; 95% confidence interval [CI], 0.74 to 1.05; P = 0.14). At the conclusion of the trial, all the participants were returned to usual care with no further clinical intervention by the research team. The current prespecified analysis includes approximately 5 additional years of observational follow-up of the study cohort.
Me thods

Study Design
The design of the active portion of our study and the main results were published previously. 10 Briefly, the original study included 1791 military veterans with type 2 diabetes who were randomly assigned to receive either intensive or standard glucose control. The interventional component of the study ended on May 29, 2008 (median follow-up, 5.6 years).
As approved by the institutional research board at the Central Database Collection Center (VA Ann Arbor), all the participants who were alive and enrolled at the conclusion of the study are being followed through a national data registry (a description of the complete cohort is provided in the Supplementary Appendix, available with the full text of this article at NEJM.org). Some patients (the survey cohort) provided written informed consent for additional data collection, including a yearly survey and chart reviews to detect outcomes that were not easily obtained from central data registries (Fig. 1) . The coordinating sites in Hines, Illinois, and Ann Arbor, Michigan, collected all the data for this followup study.
The third and fourth authors vouch for the data and analyses. The manuscript was written by the first author, with all the coauthors approving the final version. The timing of this report and the statistical analysis plan were prespecified by the lead investigators of the study (the first, second, and last authors). At the time that the statistical analysis plan was finalized, the lead investigators were unaware of all the results and had no access to the data set. No agreements concerning the confidentiality of the data were made between the sponsors and the authors or the institutions listed in the Supplementary Appendix, other than those required to protect the confidentiality of study participants. The protocol, available at NEJM.org, has ongoing approval and oversight by the institutional review boards at the Hines and Ann Arbor VA health systems. The study is reviewed annually by a data monitoring committee.
Data Sources
Four national data registries are being used to collect follow-up data on patients -the central VA medical information files, the Centers for Medicare and Medicaid Services (CMS) Medicare claims files, the VA death files, and the National Death Index (NDI) (Tables S1 and S2 in the Supplementary Appendix). The survey cohort receives an annual self-administered survey that asks, among other questions, whether major events (e.g., heart attacks and strokes) occurred during the previous year. Patients who report having had a heart attack, stroke, or amputation in the past year are asked whether they received care for the event within the VA system or from an outside provider. For participants younger than 65 years of age (for whom CMS data are not available), those reporting an event outside the VA system are asked to provide written informed consent to allow review of their hospital records; medical records were successfully received and reviewed for 15 of 18 reports (83%). The adjudication process is described in the Supplementary Appendix. The present interim report includes all the follow-up data that were available through December 2013. For most study outcomes, we obtained a median of 11.8 years of follow-up data. However, two of the central data registries -NDI (the source for data on deaths from cardiovascular causes) and CMS (used to detect events occurring outside the VA system in participants 65 years of age or older) -have a lag time in data availability of approximately 2 years. We decided a priori that our primary analysis of the time to the first major cardiovascular event would be limited to the period in which we have complete capture of data on primary-outcome events (median follow-up, 9.8 years), and we included a sensitivity analysis that used available outcome data for the full 11.8-year period. Complete follow-up refers to participants who were followed either until a primary-outcome event occurred or until the end of the scheduled data collection. The primary outcome was the time to the first major cardiovascular event (a composite of heart attack, stroke, new or worsening congestive heart failure, amputation for ischemic gangrene, or cardiovascular-related death). 
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Primary and Secondary Outcomes
The primary outcome was the time to the first major cardiovascular event (a composite of heart attack, stroke, new or worsening congestive heart failure, death from cardiovascular causes, or amputation for ischemic gangrene). This composite outcome was selected a priori and differs slightly from the outcome used in the original VADT, which also included selected cardiac procedures and the occurrence of new peripheral vascular disease. The former was excluded from the composite outcome because of a desire to focus on hard outcomes, and the latter was excluded because of the lack of reliable methods for identification of these events with the use of central data collection. Since these changes in the primary outcome make direct comparisons with the original VADT results difficult, we also separately show our results obtained during the original VADT and during observational followup in Table S6 in the Supplementary Appendix.
Events during the interventional part of the study were evaluated with the use of the original outcome-assessment method (adjudication by a committee whose members were unaware of the study-group assignments), although data regarding a few major cardiovascular events and deaths in patients who missed their final study visit during the last 6 months of the intervention were captured from central databases (see the Additional Details on End Points section in the Supplementary Appendix). During the observational follow-up period, heart attacks, strokes, and new or worsening congestive heart failure were identified by means of the primary discharge diagnosis in VA or CMS registry files (which have been shown previously to have excellent positive predictive value) 15, 16 or by review of outside records in the case of participants younger than 65 years of age who reported an event on their survey, as described above. New or worsening congestive heart failure was identified by means of the primary discharge diagnosis in the CMS or VA data registry or by an ejection fraction of less than 40% as observed on echocardiography (see the Additional Details on End Points section in the Supplementary Appendix).
The two prespecified secondary outcomes were cardiovascular mortality and total mortality. 17 Both of these secondary outcomes were assessed in the complete cohort.
Sensitivity Analysis
To assess for potential sample-selection bias (i.e., the possibility that the survey cohort was not representative of the original study population), we sought and were granted a Health Insurance Portability and Accountability Act waiver to examine our primary and secondary outcomes in the complete cohort (see the Supplementary Appendix). In the case of patients who were not in the survey cohort and who had not had an event during the interventional phase of the study, we estimate that only approximately 6% of cardiovascular outcomes were missing from registry data (specifically, amputations for ischemic gangrene [events that require adjudication] and strokes and heart attacks in participants younger than 65 years of age at non-VA facilities [since persons younger than 65 years of age are not included in CMS files]).
Statistical Analysis
The main analysis was performed according to the intention-to-treat principle, and Kaplan-Meier survival curves were generated by means of the product-limit method. Cox proportional-hazards modeling was used to estimate hazard ratios. Data were censored when the participants had a primary-outcome event, died, or withdrew from the study or at the end of the follow-up period for this report.
Differences in attributes between the two treatment groups were assessed with the use of the chi-square test for proportions and Student's t-test or analysis of variance for continuous variables. We prespecified three variables to examine heterogeneity of treatment effects, following the approach proposed by Kent and colleagues 18 -baseline cardiovascular risk (with the use of the baseline UKPDS score or the Framingham risk score), 18, 19 history of cardiovascular disease, and the baseline glycated hemoglobin level.
R esult s
Characteristics of the Patients Figure 1 shows the enrollment and follow-up of the patients in the VADT. 20 For the primary outcome (time to the first major cardiovascular event), complete follow-up data were available for 92.4% of the complete cohort and for 77.7% of the survey cohort. At baseline, study partici- pants were on average older (60.5 years of age in the complete cohort) and had had diabetes for many years (mean, 11.5 years), and more than 40.0% had had a previous cardiovascular event or had a history of microvascular disease (Table 1). The characteristics at baseline were similar in the intensive-therapy group and the standard-therapy group in the two cohorts. The difference in the glycated hemoglobin level between the intensive-therapy group and the standard-therapy group averaged 1.5 percentage points during the interventional component of the trial (median level, 6.9% vs. 8.4%), but for unclear reasons the difference declined to a level closer to 1.0 percentage point in the last 6 months of the intervention. The difference in the glycated hemoglobin level declined to 0.5 percentage points 1 year after the end of the trial (7.8% in the intensive-therapy group vs. 8.3% in the standard-therapy group) and remained at 0.2 to 0.3 percentage points from 3 years after the end of the trial until the end of follow-up for this interim analysis (Fig. 2) . No significant differences were observed between the standard-therapy group and the intensivetherapy group in blood-pressure or lipid levels either during the interventional phase of the trial or after the conclusion of that phase (Figs. S1, S2, and S3 in the Supplementary Appendix). Figure 3A shows the time to the first major cardiovascular event in the two treatment groups. At 9.8 years of follow-up, 288 major cardiovascular events had occurred in the standard-therapy group, as compared with 253 in the intensivetherapy group. These results indicate a significant increase in the time to a first major cardiovascular event in the intensive-therapy group (hazard ratio, 0.83; 95% CI, 0.70 to 0.99; P = 0.04). This finding represents 8.6 major cardiovascular events prevented per 1000 personyears (or 1 event prevented per 116 person-years) ( Fig. 3 and Table 2 ). Results for the individual components of the primary outcome are shown in Tables S4 and S5 in the Supplementary Appendix.
Primary Outcome and Secondary Outcomes
Results regarding mortality are shown in Figure 3 and Table 2 . No significant betweengroup differences were observed in either cardiovascular mortality (hazard ratio in the intensive-therapy group, 0.88; 95% CI, 0.64 to 1.20; P = 0.42) or all-cause mortality (hazard ratio, 1.05; 95% CI, 0.89 to 1.25; P = 0.54).
Heterogeneity of Treatment Effects
The effect of intensive glucose control did not differ significantly between patients with lower overall cardiovascular risk and those with higher overall cardiovascular risk, as assessed by means of the UKPDS score or the Framingham risk score (P>0.20 for both comparisons) ( Table S7 in the Supplementary Appendix). There was also no evidence of heterogeneity in treatment effect according to status with respect to a prior cardiovascular event or according to baseline glycated hemoglobin level.
Sensitivity Analysis
We found no evidence of sample-selection bias. The results of the analyses that used available data regarding major cardiovascular events from the complete cohort were similar to those that used data from the survey cohort.
Discussion
The leading cause of complications and death in patients with type 2 diabetes is cardiovascular disease. [1] [2] [3] This extended follow-up study of the VADT showed that a current multidrug glycemic treatment regimen can be associated with a significant reduction in major cardiovascular events among older patients who have had diabetes for many years. However, there was no evidence of an improved rate of overall survival after almost 12 years of follow-up.
When our results are combined with those of the three other major clinical trials of glycemic control in type 2 diabetes, 7-12 a clearer picture of the effect of improved glycemic control seems to be emerging. We found a 17% relative reduction in the rate of cardiovascular events with intensive therapy, as compared with standard therapy, which is similar to that observed in the follow-up studies of the ACCORD trial 13 and the UKPDS, after accounting for the greater reduction in glycated hemoglobin level observed in the VADT. 8, 9 However, we found no evidence of a reduction in total mortality even after almost 12 years of follow-up, which was similar to the results of the ADVANCE study.
11, 14 In contrast, the follow-up data in the analyses (i.e., who were followed until the end of December 2013, had a primary-outcome event, or died during active follow-up). The complete cohort included follow-up data for 92.4% of participants in the original trial. The survey cohort included participants who agreed to additional data collection by means of annual surveys and periodic chart reviews, with follow-up data for 77.7% of trial participants. The P values are for the comparisons of the standard-therapy group with the intensive-therapy group. There were no significant differences between the complete cohort and survey cohort in any of the above characteristics. To convert the values for weight to pounds, multiply by 2.2. To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. † Hypertension was defined as current treatment for hypertension or a blood pressure of 140/90 mm Hg or more. ‡ Race or ethnic group was self-reported. § The body-mass index is the weight in kilograms divided by the square of the height in meters. ¶ The estimated glomerular filtration rate (GFR) was calculated with the use of the Modification of Diet in Renal Disease equation. ‖ The estimated 10-year cardiovascular risk was calculated with the use of the United Kingdom Prospective Diabetes Study Risk Engine. follow-up study of the UKPDS showed a significant reduction in mortality, 21 whereas the AC-CORD trial showed a significant increase in mortality. 12 The four major clinical trials of glycemic control to date have potentially important clinical heterogeneity. The VADT participants were more similar to the participants in the ACCORD trial (mean age, 62 years; mean duration of diabetes, 10 years) than to those in the UKPDS (mean age, 53 years; newly diagnosed diabetes), and the intensity of the intervention in the VADT was intermediate between these two studies. Unlike the UKPDS, in which most participants received monotherapy, the VADT added multiple glycemic medications to reduce the glycated hemoglobin level to less than 7.0%, but the intensive therapeutic algorithm in the VADT was less aggressive than that used in the ACCORD trial, in which investigators tried to normalize the glycated hemoglobin level. Unfortunately, it is not possible to know whether this clinical heterogeneity explains the increased mortality observed in the ACCORD trial, the lack of a treatment effect on mortality in our study, and the reduced mortality shown in the UKPDS.
In the observational follow-up of the UKPDS, the rates of microvascular and cardiovascular events remained lower in the intervention group than in the control group after the trial ended. Because glucose control had equalized in the intervention group and the control group, a legacy effect (sometimes referred to as metabolic memory) was postulated. 20 It would be incorrect, however, to suggest that our results support evidence of a legacy effect. First, a substantive difference in the glycated hemoglobin level persisted for 2 years after the trial ended and never completely reached zero, and second, the statistical power of the study at present is insufficient to fully assess this issue. Ongoing follow-up of this cohort may help address this question.
Our results should not be interpreted as supporting a performance measure for evaluating the quality of care provided by clinicians and health systems that uses the proportion of patients who reach a glycated hemoglobin level of less than 7.0%. [21] [22] [23] Even with the support of a dedicated research team, only approximately half the participants had a glycated hemoglobin level of less than 7.0%. In addition, in the absence of a reduction in total mortality, a smallto-moderate reduction in the rate of cardiovascular events needs to be weighed against potential harm due to overly aggressive care and the burden, long-term safety profile, and side effects of treatment, including weight gain and hypoglycemia.
For example, Vijan and colleagues examined the net benefit of glucose lowering, assuming a 15% reduction in the rate of nonfatal cardiovascular events for every reduction of 1 percentage point in the glycated hemoglobin level (a slightly greater reduction per 1-percentage-point reduction in the glycated hemoglobin level than that found in our study). 24 They found that once patients began taking metformin and their glycated hemoglobin level was less than 8.5%, the preferences of the patients were a critically important factor in determining whether further glycemic treatment resulted in net benefit or net harm, especially in patients older than 55 years of age. Their results suggested that the risk-benefit ratio of intensive glycemic control might be better in younger patients but that the attitudes of patients regarding the burden and adverse ef- Data are shown starting at year 3 because that was the point at which all the participants had been enrolled and had been in the study for at least 3 months. The I bars (slightly offset for better visibility) represent interquartile ranges. The vertical line represents the end of the interventional component of the trial and the beginning of the follow-up study period. The reason for the slight decline in the difference in glycated hemoglobin levels between the two groups that was observed in the last 6 months of the trial is unclear. fects of the treatment are very relevant in all age groups once the glycated hemoglobin is less than 9.0%. 24 Our results provide further evidence that improved glycemic control can reduce the rate of major cardiovascular events. This potential benefit may be considered in conversations with patients and balanced with the burdens and side-effect profile of the specific glucose-lowering treatment being considered.
Our study has several limitations. First, it is an observational follow-up of an unblinded, randomized, controlled trial. The possibility that there were differences between the two groups other than the difference in glycated hemoglobin levels, either during or after the trial, cannot be completely excluded. However, we found no evidence of a differential treatment effect in the follow-up period with respect to blood-pressure and lipid levels -two major modifiable cardiovascular risk factors. Second, the survey cohort is a subgroup of the full study population and the findings in that cohort may not fully represent findings for the whole cohort. However, we found no evidence of sample-selection bias. The intensive-therapy group and the standard-therapy group did not differ significantly with respect to any baseline characteristics, and a sensitivity analysis that used data from the complete cohort showed results very similar to the results of analyses that used data from the survey cohort. Finally, we had limited power to assess cardiovascular mortality, although our power to assess overall mortality was similar to that for the primary outcome.
In conclusion, we found that among patients who had been randomly assigned to intensive glucose control or standard therapy for a median of 5.6 years, the intensive-therapy group had a significant 17% relative reduction in major car- The primary outcome was the time to the first major cardiovascular event (a composite of heart attack, stroke, new or worsening congestive heart failure, amputation for ischemic gangrene, or death from cardiovascular causes).
The diovascular events, as compared with the standard-therapy group, after almost 10 years of total follow-up; this relative reduction represented 8.6 major cardiovascular events prevented per 1000 person-years. As compared with standard therapy, intensive glucose control was not associated with a significant decrease in all-cause mortality after almost 12 years of follow-up. * The primary outcome was the time to the first major cardiovascular event (a composite of heart attack, stroke, new or worsening congestive heart failure, amputation for ischemic gangrene, or death from cardiovascular causes) and was analyzed in the survey cohort. Mortality outcomes were analyzed in the complete cohort. 
